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The immediately preceding paper of this series dealt with experi- 
ments designed to determine if all type specific  antibodies  of anti- 
pneumococcus serum possessed equivalent mouse protective values (1). 
The results obtained by comparison of the amounts of antibody pro- 
tein with the protective potencies of various fractions precipitated by 
the  addition of capsular polysaccharide furnished evidence that  in 
antipneumococcus horse serum there exist at least three, and probably 
more, substances capable of reacting with the specific  carbohydrate. 
With antipneumococcus rabbit serum evidence of marked differences 
in the specifically reactive antibodies is not so evident. 
Although the  results  of these  experiments were quite  definite it 
seemed desirable to  confirm the  findings by some independent pro- 
cedure.  The most convincing confirmation would, of course, be the 
actual isolation of these various antibody substances. 
The present paper  reports the  results of  attempts  to isolate  the 
specific  antibodies of Type I  antipneumococcus sera.  The method 
employed was immunochemical rather than purely chemical, since it 
was  obviously important  to  obtain  antibodies  specifically directed 
against the capsular polysaccharide and as free as possible from other 
protein  substances  in  the  serum  possessing  properties  chemically 
similar, but imruunologically unrelated to  those which characterize 
the specific  antibody. 
EXPERIMENTAL 
Materials and Methods.--The general methods used for the determination of 
specifically  precipitable  nitrogen  and  protective  potencies  have been detailed 
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in the first  paper of this  series  (2).  The methods  employed  in the various 
lipid analyses have also been reported (3). 
Immunochemical Fractionation of Type I Antipneumococeus 
Itorse Serum 
After several other methods had been tried it was found that the 
so called dissociation method of Heidelberger and Kendall (4) offered 
the greatest promise.  This method is selective  since it involves re- 
covery of  antibodies  from  the  immune precipitate  formed by  the 
addition of capsular polysaccharide to the homologous immune serum. 
The precipitate thus formed is washed and then extracted with hyper- 
tonic salt solution.  As a result of this treatment some free antibody 
appears in the solution.  These precipitates were formed on the anti- 
body excess side of the equivalence zone since in the region of excess 
polysaccharide the bound  antibodies  are not freed upon  extraction 
with hypertonic salt solution. 
Heidelberger and Kendall using a  serum containing both  Type I 
and Type II antibodies found, however, that the immune precipitate 
formed upon  the  addition of Type II  polysaccharide yielded both 
Type I  and Type II antibodies upon extraction.  According to now 
prevalent views the Type I antibody could scarcely have been precipi- 
tated as a  result of true antigen-antibody union,  since the addition 
of Type II polysaccharide to a Type I antiserum does not give a visible 
precipitate.  Since this experiment was carried out with a polyvalent 
serum two explanations seemed possible.  First, it might be that an 
animal  immunized to  two  antigens  may form antibodies  which in 
part at least  are polyvalent, that is,  each antibody molecule might 
contain groupings which would react with both antigens.  Secondly, 
it might be that each antibody in polyvalent serum is strictly monova- 
lent but that those of the heterologous type become occluded in the 
immune precipitate as a result of adsorption. 
The possibility of the participation of adsorptive phenomena sug- 
gested that the r61e of temperature be investigated.  Consequently 
an experiment was arranged so that immune precipitates were formed 
at various temperatures from mixtures of monovalent sera and from 
a  polyvalent serum. 
Immune precipitates were prepared from these sera by the addition of Type I 
pneumococcus capsular polysaccharide at two contrasting temperatures,  4 ° and KENNETH  GOODNER  AND  I~RANK  L.  HORSFALL,  JR.  439 
37°C.  In each instance the amount of polysaccharide was  insufficient  to fully 
saturate the antibody in the serum.  After 1 hour the tubes were centrifuged 
and the precipitates washed twice with saline  at the  respective  temperatures. 
To each washed precipitate was then added 1.0 cc. of 6.4 per cent NaCI solution 
and the precipitates  were thoroughly dispersed in  this fluid.  All tubes were 
incubated 1 hour at 37°C. and were then centrifuged and the supernatant fluid 
removed and diluted with three volumes of distilled water so as to bring the 
salt concentration to 1.6 per cent.  To portions of these superuatants were then 
added various pulysaccharides in order to detect the presence of homologous 
and heterologous antibodies. 
TABL~  I 
Effect of  Temperature  upon  the  Absolute  Specificity  of  Immune  Precipitation 
Serum 
NIixcd  Type I  and 
Type II  .... 
~ame. 
Polyvalent  Types I 
and  II... 
~ame.. 
Poly- 
sacchuride 
added 
Type I 
gg  g¢ 
£g  gl 
Reac- 
tion 
°C. 
37 
4 
37 
4 
Mixtures  incubated 1 hr.; washed twice with saline at 
respective temperature.  1 cc. 6.4 per cent NaC1 added to 
each tube and aU incubated  I hr. at 37°C.  Centrifuged. 
Supernatant diinted  1-4 with distilled water.  Extract 
tested against following polysaccharides: 
Type I  Type  II  C  Saime 
++++ 
++++ 
++++ 
++++ 
++ 
++  + 
m 
The results of this experiment are shown in Table I.  These data 
demonstrate that at 4°C.  certain amounts of heterologous as well as 
homologous  antibodies  had  been  carried  down  in  the  precipitate 
formed upon the addition of Type I  capsular polysaccharide.  On the 
other hand those reactions carried out at 37°C.  appear to have been 
entirely specific since the heterologous antibodies were not extracted 
from these immune precipitates. 
Because of the relationship  to temperature it seems reasonable to 
infer that heterologous antibodies may become involved in the forma- 
tion of immune precipitates as a  result of adsorption.  Furthermore 
these results suggest that antibodies are relatively monovalent even 
though formed at the same time as a result of two specific stimuli. 
With  the knowledge that only the specific antibodies are precipi- 440  ANTIPNEUMOCOCCUS  SERA.  IIi 
TI 
Protocol of Experiment for the Sdeai~e Isolation of thsm~e 
I 
Insoluble fraaion.--After  treatment 
with  trypsin gives  reaction with 
antiserum indicating presence of 
combined polysaccharide 
Type I  antipneumococcus horse serum lot I150.  200 cc. of tallim 
[  I  _ 
Precipltate.--Washed twice with  tap water.  Added :~cc 
until dissolved.  Warmed to  37°C.  and at  this  tempers 
SSS added.  Precipitate allowed to settle 1 hr. 3T  °  ~e~ 
[-~,  ,,,, 
PredpitaZe.--Washed with physiological saline 3  times 37 °,  100  cc. I~ 
added,  agitated  1 hr.  37 °  Centrifuged 
,,,  [ 
I 
Precipitate.--Discarded  I 
Supernatant.--Filtered through paper. 
Filtrate  dialyzed  48  hrs.  against 
running tap water.  Centrifuged 
I 
Preci~itale.--Added 100 cc. 
1.6% NaCl--thorough agi- 
tation.  Centrifuged 
I 
1 
Soluble fradion.--Gives immediate reaction 
with  capsular  polysaccharide.  Precipi- 
tates  upon  dilution with  water.  After 
digestion with trypsin presence of  poly- 
saccharide  not  detectable.  Designated 
as E  antibody 
I 
Supernatan/.--Gives  ir 
with  capsular pol~ 
Active materitl 
pH  to  7.65.  After 
sin presence of poly 
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II 
Specific Antibodies of A ntipneumococcus Horse Serum 
plus 1800 cc. tap water--overnight in ice box.  Centrifuged 
[ 
• 1.6% NaC1; stirred  Supernc~anl.--Discarded 
~ture 10 rag.  Type I 
atrlfuged 1 hr, 37  ° 
, NaCI  I 
Supernatant.--lO  rag. SSS I  added 37  °. 
After 1 hr. 37 °, centrifuged 
l 
Supernatant.--Discarded 
I 
I 
Preciplta~e.--Washed  with physiological saline 
3 times 37 °.  100 cc.  10% NaC1  added; agi- 
tated 1 hr. 37  °.  Centrifuged  [ 
I 
i 
amediate precipitation  Precipitcde.--Discarded 
rmccharide  in  saline. 
cipitated on adjusting 
digestion with  tryp- 
saccharide not detect- 
s  P antibody 
I 
Supernatant.--Filtered  through paper• 
Filtrate  dialyzed  48  hrs.  against 
running tap water.  Centrifuged 
I 
I 
Precipita~e.--Added  100  cc. 
1.6%  NaCl--thorough  agi- 
tation.  Centrifuged 
I 
Insoluble.--Discarded 
I 
Supernc~an~.--Discarded--Gives 
no reaction with SSS 
I 
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tated at 37°C.  and that release of antibody can only be obtained on 
the antibody excess side of the equivalence zone, a method was avail- 
able  for  the  selective isolation  of  capsular  carbohydrate  antibodies 
from antipneumococcus sera. 
The procedure adopted  with  antipneumococcus  horse  serum  can  best be 
presented in the form of a protocol as in Table II.  The serum is first  diluted 
with water in order to precipitate the so called water-insoluble  globulins.  The 
water-insoluble  fraction contains most of the type specific antibodies andby this 
initial procedure a certain degree of purification is  effected by elimination of a 
considerable  amount of inert material.  The protein  precipitate  is  then  dis- 
solved in 1.6 per cent NaC1 and warmed to 37°C.  At this temperature a  small 
amount of the  capsular polysaccharide is  added and the resulting precipitate 
allowed to settle for 1 hour.  After this time the supernatant fluid is removed 
and the precipitate washed three times with  warmed saline  by centrifugation. 
To the precipitate is then added an appropriate  amount of 10 per cent NaC1 
and the contents are agitated for 1 hour.  The supernatant fluid is then filtered 
through paper and dialyzed 48 hours against running tap water.  In the mean- 
time to the supernatant resulting after the first immune precipitation an addi- 
tional amount of specific polysaccharide was added and the resulting precipitate 
extracted in exactly the same manner.  Addition of  small  amounts  of  poly- 
saccharide have been used rather than one larger amount so as to obtain pre- 
cipitates representing different points in the scale of avidity. 
From  the  hypertonic salt  extracts  of  these  immune  precipitates, 
as  well  as  those  of  all  experiments,  three  separate  fractions  were 
recovered.  The first fraction, usually present in all extracts, consists 
of  material  which  precipitated  during  dialysis  and  was  not  then 
soluble in 1.6 per cent salt solution and was only sparingly soluble in 
more  concentrated  salt  solutions.  No  evidence  was  found  of  the 
presence of free polysaccharide in this material, although after heating 
to denature the protein and treating the coagulum for a  few miriutes 
with trypsin at pH 8.2 a  strong reaction was obtained with immune 
serum indicating that the enzymatic digestion had released free poly- 
saccharide.  This fraction is regarded as a  combined polysaccharide- 
antibody  complex. 
A  second fraction, protein in nature,  which also precipitated as  a 
result of dialysis was completely soluble in 1.6 per cent salt solution. 
The resulting viscous opalescent solution gave a  strong reaction with 
capsular  polysaccharide  and  as  will  be  shown  below  had  excellent KENNETH GOODNER AND  I~RA.NK L,  HORS~'ALL, JR.  443 
mouse protective properties.  This substance is  designated as  anti- 
body E. 
The hypertonic salt solution extract of the precipitate obtained upon 
the first addition of the polysaccharide to the antibody solution con- 
tained a  third material which did not precipitate upon dialysis but 
which nevertheless gave strong reactions with added polysaccharide. 
This protein was water-soluble except in the neighborhood of pH 7.65. 
If brought to this point the protein associated with antibody activity 
separated out slowly as  a  fine white precipitate.  Solutions of this 
material also possessed the property of protecting mice.  This form 
of antibody, designated as P, is usually obtained only from the first 
precipitate formed on the addition of the polysaccharide. 
This method of fractionation has been repeatedly carried out with 
various lots of immune horse sera and has invariably yielded these 
two forms of type specific antibody.  The various determined proper- 
ties of the two antibody solutions may be summarized as follows: 
Solubilities.--The  E  antibody  is  water-insoluble and is  precipitated  from 
solution by third saturation with ammonium sulfate.  In this  respect it resem- 
bles au euglobulin.  The P  antibody is water-soluble except at  its  isoelectric 
point, approximately pH 7.6.  It is not precipitated until half saturation with 
ammonium sulfate is reached.  It thus resembles a pseudoglobulln and in these 
properties it appears to be identical with the material described by Goebel and 
Chow (5). 
Avidities.--If  solutions  of these two antibodies  are diluted to the same pro- 
tein  concentration and similar  amounts of capsular  polysaccharide added, care 
being taken to avoid convection currents,  it  is  found that the P antibody pre- 
cipitates  much more rapidly.  In this respect  it may be thought of as possess- 
ing the greater  avidity,  the latter  term having been generally used to indicate 
rate  of  precipitation  rather than rate of union.  This finding is supported by 
the  fact  of isolation  of the P form from the precipitate  formed on the addition 
to the serum of the smallest  amount of  polysaccharide. 
Combining Ratios.--In  the range of antibody excess  the  following  mean com- 
bining ratios  have been determined. 
E:  2.6 rag. nitrogen  per rag. capsular  polysaccharide 
P: 23.4  "  "  "  "  "  " 
These combining ratios are consistent with the observations as to the respective 
avidities of the two forms of antibody. 
Heterologous  Reacti~ty.--Type  I  antipneumococcus horse serum  gives few 
heterologous cross reactions.  Goebel  and Hotchldss (6) have shown, however, 4~4  ANTIPNEUMOCOCCUS  SERA.  III 
that if galacturonic acid (a constituent of  the  capsular  polysaccharide)  is  at- 
tached to a protein, the resultant conjugated antigen gives a precipitin reaction 
when added to Type I  horse serum.  This reaction is not obtained with Type I 
antipneumococcus rabbit serum nor is it possible with  this  antigen  to  remove 
all of the type specific antibody from  the  immune  horse  serum.  It  has  been 
found that this antigen gives a precipitin reaction with solutions of the P  anti- 
body but does not react with the E  antibody. 
Specific Precipitability.--As  a  means  of determining  the  relative state of 
immunological purity of the two  forms of antibody  isolated  by  the  methods 
described, analyses have been carried out to determine the specific precipitabil- 
ity of various preparations.  Results of analyses on two  separate preparations 
of the E  and P  antibodies are shown in Table III. 
TABLE  III 
Specific Precipitability  of Antibody  Preparations 
Form .....................................................  E  antibody  P  antibody 
Preparation No ........................................... 
Total nitrogen, rag. per cc  ...................... 
Amount of capsular polysaccharide required for 
maximum precipitation, rag. per cc ............ 
Total nitrogen in precipitate from 1.0 cc. of anti- 
body preparation, mg  ........................ 
Less correction for nitrogen of polysaccharide in 
immune precipitate (estimated on basis of 75 
per cent of that added), mg  ................... 
Net protein nitrogen in precipitate, rag. per cc  .... 
Specific precipitabiUty, per cent ................. 
!  2 
0.154  0.183 
0.20  0.10 
0.161  0.187 
0.008  0.004 
0.153  0.183 
99.4  100.0 
1 
0. 141 
0.10 
0. 130 
0.004 
0.126 
89.3 
0.445 
0.15 
0.408 
0.006 
0.402 
90.3 
It  will be  noted  that  the  determined figures have  been  corrected  for  the 
amount of polysaccharide nitrogen probably present  in  the  precipitate.  It  is 
assumed on the basis of results  with  whole  serum  that  approximately 75  per 
cent of the added polysaccharide is combined in the immune precipitate in the 
range of maximum precipitation.  The figures show that preparations of the E 
antibody have  been  obtained in  a  state  of complete precipitability with  the 
specific polysaccharide, that is, immunological purity.  With  the  P  antibody, 
on the other hand, no preparation has been obtained which  is  completely pre- 
cipitable upon the addition of  the  specific  polysaccharide.  It  is  not  as  yet 
certain whether these  latter  preparations  should  be  regarded  as  impure  or 
whether a solubility coefficient must be considered.  In view of the more soluble 
nature of the P  antibody itself it would  not be surprising if the  antigen-anti- 
body complex formed from it were also more soluble. 
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by the method of Kirk, Page, and  Van  Slyke  (7),  gave  the  following  infor- 
mation. 
Antibody  Total lipid,  rag. per nag. of protein Phosphatlde,  per cent of total lipid 
E  0.044  22.5 
P  0.034  12.5 
If the antibody is regarded as a protein-lipid complex containing the  deter- 
mined amount  of lipid, one  obtains the following per cent  content.  E,  4.22 
per cent; P, 3.29 per cent.  It is  of interest  to  note  that  these figures are  in 
dose agreement with those obtained in previous studies on  the relation of the 
phospholipids to the reactivity of immune sera (8). 
If one assumes that the antibody proteins are built up of units of molecuhr 
weight approximating 34,500 it is easily calculated that in the E antibody there 
TABLE  IV 
Mouse Protective Potencies of Antibody  Preparations 
Dilution end-point  ..................................... 
Mouse protective units per cc. (simultaneous titration of 
standard (1000 units per cc.)  =  1-75) ................. 
Maximum specifically  precipitable nitrogen (corrected for 
polysaccharide nitrogen) rag. per cc  .................... 
Mouse protective units per nag. of specifically  precipitable 
nitrogen  ........................................... 
Antibody  E  Antibody  P 
Preparation  2  Preparation  I 
1-21.2 
283 
0.183 
1550 
1-2.9 
39 
0.126 
230 
is one phosphatide molecule (m.w. 778)  for every two protein units.  With the 
P  antibody the  result is one molecule of phosphatide per 5  protein units.  In 
order to determine  if the phosphatide were  lecithin or cephalin,  the antibody 
preparations were analyzed  for the presence  of lipid-amino-nitrogen.  None 
was detectable in  either the P  or the  E  antibody solutions.  The  inference is 
therefore that the phosphatide in both instances is lecithin. 
It cannot be absolutely stated that the specific antibodies in  immune horse 
serum are lipoproteins although  the present results as weU  as those previously 
obtained strongly support  this view.  Furthermore  the finding that lecithin is 
closely associated with both  the  P  and the E  antibody confirms the results of 
previous qualitative tests in which it was  found that the in  ~itro  reactivity of 
lipid-extracted antipneumococcus horse serum could be restored by the addition 
of very small amounts of lecithin (8).  This additional evidence lends further 
support to the view that the type specific antibodies of antipneumococcus horse 
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Mouse Protective Potencies.--Mouse protective  titrations  have been  carried 
out by the method outlined in a previous paper (2), one set of data so obtained 
for each antibody preparation is summarized in Table IV. 
The  results  show marked  differences  in  the  mouse protective  potencies  of 
the  two  antibodies.  The more  avid  antibody, P, possessed  only  230  mouse 
protective units per rag. of specifically precipitable  nitrogen,  while E  gave  re- 
sults indicating 1550 units per mg. 
By reference  to Table  II and  Text-fig.  1 of the  previous  paper  (Paper  II 
of this series (1)) it  will  be noted  that  the first  antibody precipitated  on im- 
munological fractionation contained approximately 500 protective units per mg. 
of specifically precipitable nitrogen.  In view of the  present  findings  this  frac- 
tion may be regarded as a mixture of the P  and the  E  antibody although  con- 
sisting largely of the former.  The fractions designated as 3  and  4  in  the  pre- 
ceding  paper  are  considered  to  represent  almost  pure  E  antibody  since  the 
protective  ratio  of  these  fractions  was practically  identical  with  that of the 
isolated form. 
Immunochemical  Fractionation  of  Antipneumococcus  Rabbit  Serum 
Somewhat  similar  procedures  have  also  been  applied  to  antipneu- 
mococcus rabbit  serum but the work has not progressed to the point 
which warrants  definitive  conclusions. 
Since  the  specific  antibodies  of antipneumococcus  rabbit  serum  are  not 
precipitated when the serum is diluted with water, it  has  not  been  possible  to 
eliminate much of the inert material by this initial step.  It has been necessary, 
therefore,  to obtain the  immune  precipitates  with the serum  directly and in 
order to approach purity it has been necessary  to repeat  this  procedure  with 
antibody solutions.  Consequently the recovery of antibody from rabbit serum 
has been low and the lack of material  has  precluded  a  systematic  analysis. 
However, on the basis  of the experimental data available certain tentative 
statements may be made. 
It has not been possible to recover from immune rabbit serum a water-soluble 
antibody corresponding to  the  so  called  P  antibody of immune  horse  serum. 
The active material recovered has been  water-insoluble,  thus  corresponding to 
the E antibody of horse serum.  No claim for immunological purity of this sub- 
stance can be made on the basis of the  few analyses performed but  it  appears 
to be at least  85 per cent  precipitable by the specific capsular polysaccharide. 
The mouse protective potency of the  E  antibody of immune  rabbit  serum  is 
high, approximately 1100 units  per rag. of specifically precipitable nitrogen. 
These  tentative  findings  are  in  complete  accord  with  the  results  of 
immunological fractionation experiments presented in the previous paper of this 
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SUM~kRY  AND  DISCUSSION 
The immunological fractionation of Type I antipneumococcus horse 
serum,  reported in the preceding  paper  of this  series,  indicated  the 
existence of at least three  forms of type specific antibody (I).  This 
is  the  simplest  interpretation  of  the  results  although  it  is  possible 
that  there  exists a  long  series of closely  related  forms  of antibody. 
Immunochemical  fractionation,  as  reported  in  the  present  paper, 
indicates  the existence of at least two distinct  forms, the third  not 
being demonstrable by the method  employed since it is precipitated 
only with  excess antigen.  The  three  postulated  forms of antibody 
of antipneumococcus horse serum together with certain of their proper- 
ties may be briefly summarized as follows: 
1.  The  So  Called  P  Antibody.--Water-soluble  (except at  isoelectric  point 
pH 7.6), pseudoglobulin-like substance  (probably a lecithoprotein) which is pre- 
cipitated  from solution by the addition of small amounts of specific  polysacchar- 
ide.  Its  specificity  is not  absolute  and its  capacity to  protect  mice  is low 
(230 units per mg. of specifically precipitable nitrogen). 
2.  The So  Called  E  Antibody.--Water-insoluble,  euglobulin-like  substance 
(probably a lecithoprotein)  with low specific combining ratio.  This  antibody 
has been isolated in a state of immunological purity.  Its capacity to protect 
mice is very high. 
3.  A  Third Antibody Form.--Chemical  properties are unknown  since it  has 
not been isolated.  From immunological studies its existencemaybepostulated. 
Relatively large amounts of specific polysaccharide are required for its precipita_ 
tion and the present evidence indicates a very low mouse protective  capacity. 
With  antipneumococcus  rabbit  serum  the  evidence points  to  the 
existence of not more than two antibody  forms.  The first comprises 
a  large  proportion  of  the  total  specific  antibody and in  most of its 
properties it corresponds to the E  antibody of immune  horse serum. 
It  has  a  high  mouse  protective  value.  The  existence of  a  second 
form of antibody (corresponding to the third of horse serum) was not 
conclusively  demonstrated  by  immunological  experiments,  but  the 
fact that the last fraction of antibody precipitated from rabbit serum 
upon the addition of the specific polysaccharide had a somewhat lower 
protective value may indicate that in the rabbit serum as in that from 
the horse there is a final form, possibly representing degraded material, 
with lower protective value.  These experiments offer evidence that 448  ANTIPNEUMOCOCCUS  SERA.  III 
the injection of a  complex antigen, the Pneumococcus, gives rise in 
certain animals to more than one form of antibody reactive with the 
type specific capsular polysaccharide.  No explanation for this fact 
is now available. 
It is possible that in immune serum some form of equilibrium may 
exist between the various antibody forms, this equilibrium being con- 
ditioned by secondary components, as for example lipids.  This last 
thesis  would  require  that  the  two  major  antibody  forms  in  anti- 
pneumococcus horse sera should be interconvertable, that is, it should 
be possible  to  derive the P  form from the  E.  As yet there is  no 
experimental justification for this point of view. 
CONCLUSIONS 
Immunological and immunochemical fractionation of Type I  anti- 
pneumococcus horse and rabbit sera have demonstrated the existence 
of several forms of immune protein, each fraction behaving as a type 
specific antibody, but differing from the others in chemical and im- 
munological properties. 
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